Objective-A prospective study was undertaken on the diagnosis of herpes simplex encephalitis (HSVE) by comparing chemiluminescence assay (CL) and two diVerent sensitive polymerase chain reactions (PCRs). Methods-The materials comprised 53 serial CSF samples from 31 patients with acute encephalitis with suspected HSVE. Each CSF was distributed to three independent laboratories to perform quantitative measurements by CL, the low sensitive (single) PCR, and high sensitive (nested) PCR. The CL provided a method of detecting HSV itself and the small fragment with HSV antigenicity which was composed of viral component proteins. The serial CSFs were found retrospectively to comprise 24 samples from 11 patients with HSVE due to HSV1 and 29 samples from 20 patients with non-HSVE. Results-the CL showed 50 to 48 000 pfu/ml in all samples of HSVE (except one) taken from the 3rd to the 25th day. The low sensitive PCR demonstrated 50 to 47 000 pfu/ml in only six samples of HSVE. The high sensitive PCR disclosed less than 100 to 120 000 copies/ml in 11 samples of HSVE. At the acute stage from the 1st to 7th day, the sensitivities of CL and the high sensitive PCR were 100%, but that of the low sensitive PCR was 75%. The sensitivity of CL was significantly higher than those of both PCRs after the acute stage on the 15th to 32nd day. The specificities and positive predictive values of the three methods were 100%. However, the negative predictive value of CL was significantly higher than that of the low sensitive PCR. Conclusions-The sensitivity of CL is equivalent to that of the high sensitive PCR during the acute stage and significantly higher than that of the high sensitive PCR after the acute stage. A clear diVerence in sensitivity exists between the diVerent PCRs. A combination of the PCR, chemiluminescence assay, and serological antibody diagnosis is currently considered the most eVective approach for the clinical diagnosis of HSVE. (J Neurol Neurosurg Psychiatry 1999;67:596-601) Keywords: chemiluminescence; PCR; herpes simplex virus encephalitis Quantitative detection of intrathecal antigen employing the chemiluminescence assay provides a highly sensitive and specific tool for the early diagnosis of herpes simplex virus encephalitis (HSVE), and has the potential to detect the viral antigen quantitatively.
Quantitative detection of intrathecal antigen employing the chemiluminescence assay provides a highly sensitive and specific tool for the early diagnosis of herpes simplex virus encephalitis (HSVE), and has the potential to detect the viral antigen quantitatively. 1 Moreover, the assay requires only 5 hours to yield its results. Detection of the HSV genome sequence in the CSF by the polymerase chain reaction (PCR) has been established as a useful diagnostic method at the acute stage of HSVE. [2] [3] [4] [5] The PCR represents a highly sensitive and specific diagnostic technique for HSVE by detecting the HSV genome sequence in the CSF. Recently, quantitative detection of the HSV selected genome sequence by the PCR has been reported. [6] [7] [8] The purpose of the present prospective study was to compare the potential for diagnosing HSVE between quantitative detection of the intrathecal antigen by chemiluminescence assay and quantitative detection of the intrathecal viral genome sequence by the single and nested PCRs.
Subjects and methods

PATIENTS AND SPECIMENS
The materials for examination consisted of 53 CSF samples from 31 serial patients with acute encephalitis who were initially suspected of having HSVE, at four registered hospitals (Nihon University Itabashi Hospital and three other aYliated hospitals) during 1994 to 1998. After CSF sampling in each of the patients, the materials obtained were immediately distributed to three diVerent laboratories to perform measurements by chemiluminescence assay (S Kamei, Department of Neurology, Nihon University School of Medicine, Tokyo), the low sensitive PCR (T Yoshihara, Center for Molecular Biology and Cytogenetics, SRL Inc, Tokyo), and the high sensitive PCR (T Morishima, Department of Pediatrics, Nagoya University School of Medicine, Nagoya), independently. The samples were transported to the three independent laboratories at−20°C within 24 hours. There was thus no available information concerning serological data for each patient at the time of measurement at these laboratories: all CSF samples were blinded for their aetiological diagnosis before they were assayed. The diagnosis of an acute episode of encephalitis as HSVE was confirmed retrospectively based on the detection of specific intrathecal HSV antibody synthesis.
Such synthesis was evaluated from the antibody ratio (serum/CSF antibody <20), 9 antibody index (CSF/serum antibody/CSF/ serum albumin >1.91) 10 and capture enzyme linked immunosorbent assay (c-EIA) ratio (CSF/serum antibody >1), 11 as described previously. All patients with HSVE had positive results for both the antibody ratio and c-EIA ratio. All patients with HSVE, except two patients (Nos 2 and 5), who had not been examined for their albumin concentration, showed positive results for the antibody index also. Rheumatoid factor and varicella zoster virus antibody were negative in all samples from the patients with HSVE. The non-HSVE cases were initially suspected of having HSVE but were later proved to have other diseases. The diagnosis in non-HSVE patients was confirmed retrospectively to be fungal meningoencephalitis (two CSFs in two patients), acute disseminated encephalomyelitis (eight CSFs in six patients), rubella virus encephalitis (one CSF in one patient), Coxsackie encephalitis (four CSFs in two patients), herpes zoster virus encephalitis (two CSFs in two patients), and acute encephalitis of unknown aetiology (12 CSFs in seven patients). By the end of September 1998, the materials had been classified as 24 CSF samples from 11 patients with serologically definite HSVE, and 29 CSF samples from 20 patients with acute non-HSVE. All the patients with HSVE due to HSV-1 were retrospectively confirmed by Southern blot hybridisation. After the patients had been classified according to the above mentioned serological criteria, the sensitivities, specificities, and predictive values of the chemiluminescence assay, low sensitive (single) PCR, and high sensitive (nested) PCR for the diagnosis of these serial cases of HSVE were evaluated. Comparisons of the values obtained for the three methods were made for significance by Fisher's exact probability test.
CHEMILUMINESCENCE ASSAY FOR QUANTITATIVE MEASUREMENT OF HSV ANTIGEN IN CSF
The chemiluminescence assay was carried out as described previously. 1 Briefly, the chemiluminescence of normal granulocytes was measured in assays that included CSF and anti-HSV antibody. The assay mixture consisted of 0.1 ml CSF sample, 0.7 ml medium containing luminol, 0.1 ml antihuman HSV antiserum, and 0.1 ml 50% diluted normal plasma. After collection, each CSF sample was stored at −70°C for preservation of its viral antigenicity and inactivation of intrathecal granulocytes and macrophages. Normal plasma was isolated by centrifugation of heparinised normal human blood. This plasma was employed as complement in the present assay. The above mentioned mixture was incubated at 37°C for 30 minutes. After the incubation, 0.1 ml normal granulocyte suspension was added. The chemiluminescence of the stimulated granulocytes was determined at 37°C with a luminescence reader (BLR-301; Aloka, Japan). The integrated value of the chemiluminescence for 4 minutes after supplementation of the normal granulocyte suspension was adopted. It took only 5 hours to complete this assay after obtaining the CSF sample. The increase in chemiluminescence values versus the common logarithm of the infectious units (plaque forming units (pfu/ml) was expressed as a linear regression (figure 1A). The quantity of HSV antigen in the CSF was established from this regression line between the known infectious units and chemiluminescence values. The chemiluminescence value without addition of anti-HSV serum was negative. The error associated with the values in this assay was below ±10%, as described previously. 1 The present assay represents a the method of substituting the quantity of chemiluminescence for the quantity of intrathecal viral antigen. This assay could detect not only HSV itself, but also the small fragment which was composed of viral component proteins with HSV antigenicity.
1 If antigenantibody complexes were formed and complements were activated by the complexes in the above mentioned assay, chemiluminescence of reactive oxygen species from the stimulated granulocytes would be generated. Because the amount of anti-HSV antibody added was suYcient for the formation of antigen-antibody complexes in this chemiluminescence assay, the chemiluminescence values were regulated by the LOW SENSITIVE PCR Each CSF sample stored at −20°C was treated with lysis buVer containing proteinase K. The DNA was extracted with phenol-chloroform and precipitated with ethanol. Oligonucleotide primers were chosen from the DNA polymerase gene. The upstream primer was 5'-AGATGGCGAGCCACACATCTC-3' and the downstream primer was 5'-CTCCGGATACGGTATCGTC-3'. The PCR was performed for 40 cycles, consisting of DNA denaturation at 94°C for 1 minute, primer annealing at 58°C for 2 minutes, and primer extension at 72°C for 2 minutes. The amplified DNA was subjected to electrophoresis on 1.5% agarose gel as a 234 bp sequence. The signal intensity of the PCR products was measured with a densitometer. The increase in intensity values versus the common logarithm of the infectious units was expressed as a linear regression ( figure 1B) . A quantitative study on the genome sequence was performed based on this regression line which was determined with samples including a known viral quantity. The minimum sensitivity of the above low sensitive PCR procedure was 50 pfu/ml in the CSF.
HIGH SENSITIVE PCR
The high sensitive (nested) PCR and Southern blot hybridisation were undertaken as described previously except that diVerent primers were used. 7 Briefly, each CSF sample stored at −70°C was treated with lysis buVer containing proteinase K. The DNA was extracted with phenol-chloroform and precipitated with ethanol. Two sets of primers were chosen from the DNA polymerase gene. The outer primers were 5'-CAGTACGGCCCCGAGTTCG TGACCGGG-3' (PR-1) and 5'-GGCGT AGTAGGCGGGGATGTCGCG-3' (PR-2). The inner primers were 5'-TACAAC ATCATCAACTTCGACTGG-3' (PR-3) and 5'-CCTTCTTCTTGTCCTTCAGG ACGG-3' (PR-4). The PCR was performed for 35 cycles, consisting of DNA denaturation at 96°C for 1 minute, primer annealing at 67°C for 2 minutes, and primer extension at 72°C for 3 minutes. The DNA was subjected to electrophoresis on 5% agarose gel as a 330 bp sequence. The amplified products were transferred to a nylon membrane and hybridised with a 32 P-labelled probe, 5'-AT GGTGAACATCGACATGTACGG-3'. The radioactivity of the PCR products on Southern blots was estimated with an image analysing system (Fujix BAS 2000; Fuji Photo Film Co, Japan). A quantitative study on the genome sequence was undertaken based on the regression curve ( figure 1C) . The minimum sensitivity of this high sensitive PCR procedure was 20 to 50 copies/ml in the CSF.
The quantitative virological data for each of the three methods were obtained at diVerent laboratories, independently. The PCR detects selected viral sequences, whereas the chemiluminescence assay detects viral fragment with antigenicity which was composed of viral protein.
As there is a diVerence in principle between the PCR and chemiluminescence assay, analysis of the relations and direct comparisons between the quantitative values yielded by the diVerent methods were impossible.
Results
The results of our quantitative studies employing the chemiluminescence assay, low sensitive PCR, and high sensitive PCR in the serial patients with HSVE are summarised in the table. The chemiluminescence assay showed 50 to 48 000 pfu/ml in all of the CSF samples (except one) taken from the 3rd to 25th day of illness. The low sensitive PCR demonstrated 50 to 47 000 pfu/ml in only six samples involving four out of the 11 patients with HSVE. The low sensitive PCR failed to detect any product in any of the other CSF samples. The high sensitive PCR disclosed less than 100 to 120 000 copies/ml in 11 CSF samples involving five out of nine patients with HSVE. All CSF samples from non-HSVE patients yielded negative results by the three methods. The comparative sensitivity of the methods is illustrated in fig 2. At the acute stage from the 1st to 7th day, the sensitivities of the chemiluminescence assay and high sensitive PCR were both 100%. However, that of the low sensitive PCR was 75% even at the acute stage. The sensitivity of the chemiluminescence assay was significantly higher than those of both PCR methods after the acute stage on the 8th to the 32nd day. Different results between the low and high sensitive PCRs were obtained in six samples from four patients with HSVE. The specificities and positive predictive values of the three methods were 100% (fig 3) . However, the negative predictive value of the chemiluminescence assay was significantly higher than that of the low sensitive PCR (figure 3).
Discussion
Comparisons between quantitative detection by the chemiluminescence assay and by the PCR for the same CSF samples of HSVE have remained problematical. 12 Because the present prospective comparative study aimed to evaluate the relative methodological diVerences of the chemiluminescence assay and two different sensitive PCRs for the same CSF samples from serial HSVE cases, the diagnosis of HSVE was based on serological intrathecal antibody synthesis. The specificity of intrathecal antibody synthesis using the antibody ratio and C-EIA after the acute stage of HSVE has been reported to be 80% 9 and 95%. 11 The rate of presence of pseudopositivity in evaluations of intrathecal antibody synthesis by both the antibody ratio and C-EIA methods was thus considered to be 1%. Moreover, varicella zoster viral antibody, which confounds the results of EIA, 11 was undetectable in all of the CSF specimens obtained from our cases of HSVE. The present retrospective clinical diagnosis of HSVE based on intrathecal antibody synthesis was thus regarded as highly reliable. The high sensitive PCR in our study showed suYcient potential to detect intrathecal viral selected sequences compared with a recent previously reported PCR. 13 Our results for CSF samples at the acute stage of HSVE demonstrated the sensitivity of the chemiluminescence assay and that of the high sensitive PCR to be 100%. Moreover, the quantitative values for the chemiluminescence assay correlated well with those for the high sensitive PCR. The sensitivity of the chemiluminescence assay is therefore considered to be equivalent to that of the high sensitive PCR at the acute stage of HSVE. On the other hand, the sensitivity of the chemiluminescence assay after the acute stage of HSVE was significantly higher than that of the high sensitive PCR. The reasons for this diVerence in results between the two methods in the case of CSF samples after the acute stage could be related to the disappearance from the CSFs of the selected viral genome sequence amplified with the high sensitive PCR. Disappearance of the intrathecal viral genome sequence using the PCR has been reported to occur from the 5th day after onset of neurological symptoms in HSVE. 4 5 14 The sensitivity of the low sensitive PCR had an unsatisfactorily low value even at the acute stage. A clear diVerence existed between the sensitivities of the two diVerent PCR procedures in our serial cases of HSVE. It has also been reported previously by others that diVerent results were obtained by diVerent procedures of PCR with the same CSF samples in HSVE. 15 The diagnostic potential of the PCR for HSVE is evidently influenced by the actual procedure of PCR, especially the minimum detection sensitivity of the PCR. One possible strategy is that the indication for anti-HSV treatment should be based on the results of the PCR for CSF samples. 7 16 However, this could pose serious problems in the clinical diagnosis of HSVE, due to the risk of missing some patients with HSVE. Recommendations for performing the high sensitive (nested) PCR and for undertaking a combination of the PCR and serological diagnosis were thus given in a recent consensus regarding the management of suspected HSVE in the European Union. 17 Under such conditions, however, standardisation of the PCR procedure for the diagnosis of HSVE would be required. Because PCR standardisation across many diVerent laboratories is considered diYcult to achieve, quantitative measurements of intrathecal genome sequences and a decision on the minimum sensitivity for the PCR in HSVE might be useful for making evaluations that cover the results of diVerent PCR procedures.
On the other hand, our chemiluminescence assay was able to detect the intrathecal viral antigen in all CSF samples except one on the 3rd to 25th day. This finding suggests that the chemiluminescence assay has a high applicability to CSF samples not only during the acute stage but also after the acute stage. The chemiluminescence assay evidently possesses a high potential for early diagnosis, quantitative studies, and demonstrating a persistent positivity
